Planck observations at 353 GHz provide the first fully-sampled maps of the polarized dust emission of interstellar filaments and their background (i.e., the emission from outside the filaments, be it associated to the filament or not), offering unprecedented information on the structure of the magnetic field. We present the polarization properties of three nearby filaments, the Musca filament, and the Taurus B211 and L1506 filaments. These three filaments have similar total intensities of dust emission (Stokes I), while the variations of the Stokes Q and U parameters of linear polarization are all different: the Musca filament is visible in both the Q and U maps, B211 and L1506 are seen in the Q map but are not distinguishable in the U map, and the Q increase for L1506 is not spatially coincident with that of I. They all offer 3 pc segments, along which both the background and filament Stokes parameters are almost uniform. In all three cases, the polarization fraction towards the filaments is smaller than that of their background. The polarized emission results from the combination of the three dimensional magnetic field (B) structure and the dust polarization properties. We model the variations of the Stokes parameters across the filaments using variations solely of the orientation of the magnetic field, assuming constant dust polarization fraction (p 0 ). Our modelling shows that the magnetic fields in the filaments and their background have an ordered component with a mean orientation that we can infer from Planck polarization data. We find that for L1506, the depolarization arises only from the rotation by 65
Introduction
Planck 1 all-sky maps reveal the cosmic microwave background (CMB) at high Galactic latitudes and the dust emission from our Galaxy at lower latitudes and at the highest frequencies (Planck Collaboration I 2014) . Thermal dust emission is linearly polarized (e.g. Davis & Greenstein 1951; Vaillancourt 2007 ) and thanks to Planck, we have access to all-sky polarized millimetre (mm) and submillimetre (submm) thermal dust emission maps at a resolution and sensitivity never achieved before. Hence, in addition to advances in cosmology, Planck data provide powerful constraints on the structure of the interstellar medium (ISM) and the magnetic field of our Galaxy.
Interpretation of dust polarization observations
Dust polarization observations deliver information on the orientation of the magnetic field for two main reasons: 1) due to their non-spherical shapes, dust grains emit electromagnetic waves that are polarized along their long axis; 2) through their magnetic moment, spinning dust grains precess around the ambient magnetic field. Different mechanisms have been proposed to explain how the spin axes of grains can become aligned with the magnetic field. The first suggestion was through magnetic relaxation (Davis & Greenstein 1951) . The most recent theory, stresses the role of radiative torques (RAT, Draine & Weingartner 1996 , 1997 Lazarian & Hoang 2007) , which may spin the grains and align them with the field. This theory is supported by observations (Whittet et al. 2008; Andersson & Potter 2010; Andersson et al. 2011 Andersson et al. , 2013 Cashman & Clemens 2014 ). This alignment is responsible for the polarization of the observed emission, from which the orientation of the magnetic field projected on the plane of the sky can be recovered (Hildebrand 1983) . Unfortunately, the observed polarization fraction, which results from an integral along the line of sight (LOS), is degenerate with the intrinsic polarization properties of dust grains and the geometry of the magnetic field. From mm and submm polarization alone this degeneracy cannot be unraveled.
The observed polarization fraction can be expressed as,
where p max is the maximal polarization fraction of dust emission, which depends on the dust grain composition, size, and shape, R is the Rayleigh reduction factor (R ≤ 1), which characterizes the grain alignment efficiency with the local magnetic field orientation, and F is a depolarization factor (F ≤ 1), which expresses the decrease of the polarization fraction due to variations of the magnetic field orientation along the LOS and the averaging within the beam of the observations (Lee & Draine 1985; Hildebrand 1988) . The role of the orientation of the magnetic field with respect to the LOS is expressed by the cos 2 (γ) factor, where γ is the angle between the magnetic field and the plane of the sky (POS). For a given value of R and F, the polarization fraction is expected to be maximal when the magnetic field is in the POS, while no linear polarization should be measured if the magnetic field is along the LOS.
Polarization observations of molecular clouds (MCs) show smaller polarization fraction in high column density regions than in the more diffuse medium (e.g, Whittet et al. 2008; Alves et al. 2014) . Most of the studies explain this variation as a decrease in the efficiency of grain alignment due to shielding in dense regions (variation of the R factor, e.g., Whittet et al. 2008 ). The analysis of Planck polarization observations of the Galactic dust emission confirms the systematic decrease of p with increasing total hydrogen column density (N H ), but shows that there is a large scatter in the values of p for a given value of N H (Planck Collaboration Int. XIX 2014). The comparison of the statistical properties derived from Planck observations with those of magnetohydrodynamic (MHD) turbulent simulations shows that the statistical polarization properties over most of the sky (up to N H ≈ 10 22 cm −2 ) can be understood as due to the turbulent structure of the magnetic field and that the orientation of the large scale magnetic field with respect to the LOS plays a major role in the observed statistical properties (Planck Collaboration Int. XX 2014, see also Falceta-Gonçalves et al. 2008 , 2009 ).
Filamentary structures in the ISM
The presence of filamentary structures in the ISM has been known for more than three decades. They have been observed in extinction (e.g., Barnard 1907; Schneider & Elmegreen 1979; Myers 2009 ), in dust emission (e.g., Abergel et al. 1994) , in H I (e.g., McClure-Griffiths et al. 2006) , in CO emission from diffuse molecular gas (Falgarone et al. 2001; Hily-Blant & Falgarone 2009 ), and in dense star forming regions (e.g., Bally et al. 1987; Abergel et al. 1994; Cambrésy 1999) .
More recently, interstellar filaments have received special attention thanks to the new results derived from the observations of the far-infrared/submm Herschel space observatory (Pilbratt et al. 2010) , launched along with Planck in May 2009. Thanks to their high spatial and intensity dynamic ranges, Herschel images revealed the ubiquity of filaments on scales of giant molecular clouds and MCs within the Galaxy (e.g., André et al. 2010; Motte et al. 2010; Molinari et al. 2010) , in both quiescent and star-forming clouds. This suggests that filaments are probably formed prior to any star forming activity and that they represent a key stage in the formation of prestellar cores. Indeed, most of the observed prestellar cores seem to form in filaments that are gravitationally unstable (André et al. 2010; Arzoumanian et al. 2011 Arzoumanian et al. , 2013 Palmeirim et al. 2013) . Filamentary structures form in the cold ISM from an interplay between turbulence, gravity, and magnetic fields. However, the role of these processes in the formation and evolution of filaments is still debated (e.g., André et al. 2013) .
Observations of starlight polarization indicate that in most cases the orientations of the mean POS magnetic field and the column density structures in the ISM are related (Myers & Goodman 1991; Pereyra & Magalhães 2004; McClure-Griffiths et al. 2006; Sugitani et al. 2011) . This relation between field lines and interstellar structures, along with indications of the equipartition between magnetic and turbulent energy (e.g., Myers & Goodman 1988) , suggests that the magnetic field plays a role in shaping the MCs. However, starlight polarization cannot probe the magnetic field in dense filaments, due to extinction (e.g., Chapman et al. 2011) , and the sampling of the regions depends on the distribution of background stars (e.g., Clark et al. 2014) . Polarized emission in the densest regions of MCs, i.e., in dense cores and filaments, has been observed from the ground at submm wavelengths (e.g., Ward-Thompson et al. 2000; Crutcher et al. 2004; Attard et al. 2009; Matthews et al. 2001 Matthews et al. , 2009 ) and more recently using balloon-borne experiments (e.g., Pascale et al. 2012; Matthews et al. 2014 ). However, due to the low sensitivity and limited range of angular scales probed by the observations with ground-based facilities and balloon-borne experiments, detection of polarization from lower column density regions surrounding dense cores and filaments is not possible. Thanks to Planck's high sensitivity, we can now, map the orientation of the magnetic field of the filaments and their surrounding environment simultaneously.
Goal and outline of the paper
Planck maps of total intensity, as well as polarized intensity, also show the highly filamentary structure of the ISM (e.g., Planck Collaboration Int. XIX 2014). Planck Collaboration Int. XXXII (2014) identify interstellar filaments in intensity and polarization over a large fraction of the sky, and present a statistical analysis of the relative orientation between these filaments and their local magnetic field projected on the POS. Their study shows that in the diffuse ISM filaments are preferentially aligned with B POS , while the relative orientation has no preferred value in MCs.
In this paper, we present fully-sampled maps of the polarized emission observed by Planck towards three nearby interstellar filaments: the Musca filament; and the Taurus B211 and L1506 filaments. These filaments correspond to the highest column density structures of the sample analysed by Planck Collaboration Int. XXXII (2014) . The goal of this work is to describe in detail the polarization properties of these three filaments and their surroundings, and to model the 3D structure of the magnetic field based on the 2D information derived from Planck images.
We first present (Sect. 2) the Planck data at 353 GHz and the relations used to derive the polarization parameters from the Stokes I, Q, and U maps. Section 3 presents the observed maps of the three filaments and the derived I, Q, and U profiles perpendicular to their main axes. We estimate the emission coming from the filament and discuss the variation of the emission along its crest. In Sect. 4, we present the methodology used to model the 3D magnetic field structure of a filament and its background by fitting the dust total and polarized emission observed by Planck. Section 5 presents the best-fit model of the 3D magnetic field. Section 6 discusses the results of the modelling and their implication for our interpretation of the observations. Two appendices, discuss the relation between the magnetic field orientation and the polarization, derived from the polarized emission integrated along the LOS.
Planck observations
Planck observed the sky in nine frequency bands from 30 to 857 GHz in total intensity, and in polarization up to 353 GHz (Planck Collaboration I 2014) . Here, we only use the intensity and polarization data at 353 GHz, which is the highest frequency Planck channel with polarization capabilities and the one with best signal to noise ratio (S/N) for dust polarization (Planck Collaboration Int. XXII 2014). The in-flight performance of the High Frequency Instrument (HFI) is described in Planck HFI Core Team (2011) and Planck Collaboration II (2014) . We use a Planck internal release data set (DR3, delta-DX9) at 353 GHz, presented and analysed in Planck Collaboration Int. XIX (2014), Planck Collaboration Int. XXI (2014), Planck Collaboration Int. XX (2014), and Planck Collaboration Int. XXXII (2014) . We ignore the polarization of the CMB, which at 353 GHz is a negligible contribution to the sky polarization towards MCs (Planck Collaboration Int. XXX 2014). The I, Q, and U maps at the resolution of 4. 8 analysed here have been constructed using the gnomonic projection of the HEALPix (Górski et al. 2005) all-sky maps. The regions that we study in this paper are within the regions of high S/N, which are not masked in Planck Collaboration Int. XIX (2014).
From Planck observations, Stokes I, Q, and U parameters are derived. The Stokes Q and U parameters of the linearly polarized dust emission resulting from LOS integration can be written as
where I is the total dust intensity, ψ the polarization angle, and γ the angle between the magnetic field and the POS. We define p 0 as a polarization fraction parameter, with p 0 = p max R F, (see Eq. 1). In the following we assume the maximal value of p 0 to be equal to 20%, close to the lower limit of the maximum polarization fraction reported in Planck Collaboration Int. XIX (2014) . From the observed Stokes parameters, the total polarized intensity (P), polarization fraction (p), and polarization angle (ψ) are derived using the relations given by
For the polarization angle we use the IAU convention, which prescribes that the angle should be counted positively from the Galactic North (GN) to the East (Hamaker & Bregman 1996) . The arctan(U, Q) is used to compute arctan(U/Q) avoiding the π ambiguity. The minus sign in Eq. (6) converts the convention provided in the Planck data to that of the IAU (see Planck Collaboration Int. XIX 2014). The POS magnetic field orientation (χ) is obtained by rotation of the polarization angle by 90
• (χ = ψ+π/2). Due to the noise present in the observed Stokes parameter maps, P and p are biased positively and the errors on ψ are not Gaussian (Planck Collaboration Int. XIX 2014; Montier et al. 2014) . We debias P and p according to the method proposed by Plaszczynski et al. (2014) , by taking into account the diagonal and off diagonal terms in the noise covariance matrix of the Planck data. However, to avoid introducing any biases and errors in our study, we analyse and fit the observed Stokes parameters, and use debiased values of P and p only for visual inspection of the maps (see Sect. 3.5). Stokes I, Q, and U parameters are integrated along the LOS. Thus the observed polarization angle (and the derived angle χ) corresponds to an averaged value along the LOS. However, the mean polarization angle integrated along the LOS is not always equal to the mean angle of B POS , but is affected by the magnetic field and intensity of the layers contributing to the total emission along the LOS. Appendix A describes the relation between the observed polarization angle and the mean angle of B POS . Separating the contribution of different layers along the LOS may thus be important in some cases in order to derive intrinsic polarization parameters and magnetic field orientations for each component.
Properties of the filaments as seen by Planck
In the following, we present the polarization properties observed by Planck towards three filaments detected in two nearby MCs: Table 1 . Observed properties of the filaments. Column 2 gives the distance of the Musca and Taurus molecular clouds (see references in the text). Column 3 gives the length of the filament used to derive the averaged radial profiles (Sect. 3.5). The entire Musca filament is 10 pc long. The Taurus B211 and L1506 filaments are 3 pc long. Column 4 gives the filament full width at half maximum (FWHM) derived from a Gaussian fit to the total intensity (I obs ) radial profile. The values given are for the observations, i.e., without beam deconvolution. The outer radius (given in column 5) is defined as the radial distance from the filament axis at which its radial profile amplitude is equal to that of the background (see Sect. 3.4) . Columns 6 and 7 give the column density at the centre of the filament and mass per unit length estimated from the radial column density profiles of the filaments. Column 8 gives the position angle (PA) of the segment of the filament which is used to derive the mean profile. The filament PA (measured positively from North to East) is the angle between the Galactic North and the tangential direction to the filament's crest derived from the I map. ). The total intensity map is at the resolution of 4. 8, while the Q and U maps are smoothed to a resolution of 9. 6 for better visualization (all analyses presented in this paper are performed on full resolution maps). The crest of the filament traced on the I map is drawn in black (on the I and Q maps) and white (on the U map). The boxes drawn on the I map, numbered from 1 to 7, show the regions from where the mean profiles are derived (see Fig. 2 ).
the Musca filament; and the Taurus B211 and L1506 filaments. We identify the surrounding emission with the parent cloud 2 (see Sect. 3.4). The angular resolution of Planck at 353 GHz is 4. 8, which translates into a linear resolution of 0.2 pc and 0.3 pc at 140 pc and 200 pc, corresponding to the distances of the Taurus and the Musca clouds, respectively (references are given in the 2 The emission in the vicinity of an interstellar filament may come from the parent cloud, where the filament is located, as well as from Galactic background (up to the entire Galaxy for low latitude LOS) and foreground emission. following sections). Table 1 summarizes the main characteristics of the three filaments.
The Musca filament
The Musca dark cloud is a 10-pc-long filament located at a distance of 200 pc from the sun, in the North of the Chamaeleon region (Gregorio Hetem et al. 1988; Franco 1991) . The mean column density along the crest of the filament is 5 × 10 21 cm −2 as derived from the Planck column density map (Planck Collaboration Int. XXIX 2014). The magnetic field in the neigh- bourhood of the Musca dark cloud has been traced using optical polarization measurements of background stars by Pereyra & Magalhães (2004) . However, the orientation and behaviour of the magnetic field towards the filament have not been measured prior to Planck. Herschel SPIRE images show very clearly hair-like striations perpendicular to the main Musca filament and aligned with the magnetic field lines (Cox et al. in prep) . Figure 1 shows the Planck 353 GHz Stokes parameter maps of the Musca filament. The filament is well detected in total intensity and polarization. To quantify the polarized intensity observed towards the filament we derive radial profiles perpendicular to the filament's main axis. The filament's crest is traced using the DisPerSE algorithm (Sousbie 2011; Arzoumanian et al. 2011) . Perpendicular cuts to the filament's main axis are then constructed at each pixel position along the filament's crest. The profiles of neighbouring pixels on the filament's crest corresponding to six times the observational beam size (6 × 4. 8) are averaged to increase the S/N. The position of each of the profiles is shown on the intensity map of Fig. 1 . The mean profiles are numbered from 1 to 7, running from the South to the North of the filament. Figure 2 shows the radial profiles of the Stokes parameters. In the following, r corresponds to the radial-distance from the filament's main axis. The different profiles in Fig. 2 illustrate the variability of the emission along the different cuts. The presence of neighbouring structures, such as fainter filaments (in projection) next to the main Musca filament, can be seen on the profiles (e.g., the bumps at r −2 pc correspond to the elongated structure on the East of the main axis of the Musca filament).
The bending of the filament on the POS induces a variation in the profiles of Stokes Q and U parameters, which are affected by the angle between the filament and the reference orientation (here towards GN). Thus the observed variations in the Stokes Q and U profiles are not necessarily due to variations of the B-field orientation with respect to the filament's axis. The position angle (PA) of each segment of the filament (1 to 7) is estimated from the tangential direction to the filament's crest. The Q and U profiles are rotated so that the reference direction is aligned with the filament main axis. The rotated Q and U profiles (Fig. 3) , show that most of the (positive) emission of segments 1 to 5 is associated with the Stokes Q parameter. This would be consistent with a magnetic field lying horizontally in the POS 3 , meaning perpendicular to the Musca filament. The observed variations of the profiles from one cut to another, which are of the same order as the background fluctuations, could come from the variation of the orientation of B POS along the length of the filament, but also from the background emission surrounding the filament. The emission surrounding the filament does not necessarily have the same characteristics all around the filament (see Sect. 3.4 for the definition of background emission).
The Taurus B211 filament
The B211 filament is located in the Taurus molecular cloud (TMC). It is one of the closest star forming regions in our Galaxy located at a distance of only 140 pc from the Sun (Elias 1978; Kenyon et al. 1994; Schlafly et al. 2014 ). This region has been the target of numerous observations and has long been considered as a prototypical molecular cloud of low mass isolated star formation and has inspired magnetically-regulated models of star formation (e.g., Shu et al. 1987; Nakamura & Li 2008) . The B211 filament is one of the well-studied nearby star-forming filaments that shows a number of young stars and prestellar cores along its ridge (Schmalzl et al. 2010; Li & Goldsmith 2012; Palmeirim et al. 2013) . Recently, Li & Goldsmith (2012) studied the Taurus B211 filament and found that the measured densities and column densities suggest a filament width along the LOS that is equal to the width observed on the POS. This suggests that B211 is more compatible with a filamentary description rather than folds in a 2D sheet. The mean column density along the filament's crest, derived from Planck observations at the resolution of 4. 8 is 1.4 × 10 22 cm −2 . This value is compatible with the value derived from Herschel images after convolution of the latter to the resolution of Planck observations (cf. Palmeirim et al. 2013) . Studies previous to Planck, using polarization observations of background stars, found that the structure of the Taurus cloud is strongly correlated with the morphology of the ambient magnetic field (e.g., Heyer et al. 2008; Chapman et al. 2011) . Using the Chandrasekhar-Fermi method, Chapman et al.
(2011) estimated a magnetic field strength of about 25 µG in the cloud surrounding the B211 filament, concluding that the former is magnetically supported. Figure 4 shows the Planck 353 GHz Stokes parameter maps of the TMC around the B211 and L1506 filaments. The B211 filament is well detected in the I and Q maps, where it shows up as a structure distinct from its surroundings. On the U map, on the other hand, the filament is not seen as an elongated structure, but it is perpendicular to a large U gradient that separates two regions of almost uniform U. The U emission is negative in the northern side of the filament while it is positive in the southern side. This indicates that the B-field geometry varies in the cloud surrounding the B211 filament. This variation can be seen very clearly on the radial profiles perpendicular to the filament's main axis, shown in Fig. 5 . These profiles are derived as explained in the previous section (for the Musca filament). The four Q and U profiles (shown in the middle and right-hand panels of Fig. 5 and numbered from 1 to 4) correspond to individual profiles, from West to East. Each profile is derived by averaging the cuts corresponding to pixels of the filament's crest within 3 times the resolution (3 × 4. 8). The opposite sign of the cloud surrounding the B211 filament can be seen in the U profiles, where the filament is located at a position with a strong gradient, of about 0.3 MJy sr −1 from r = −1 pc to r = 1 pc, in the U emission. The cloud intensity (I) increases from the southern to the northern sides of the filament, while the Q emission is similar on both sides of the filament. The (negative) Q emission of the filament is very clearly seen in the radial profiles. The different radial profiles show the approximate translational invariance of the emission along the filament's crest. The total and polarized emission components are remarkably constant along the 3 pc length of the B211 filament.
The Taurus L1506 filament
The L1506 filament is located in the TMC in the South East side of the B211 filament (see Fig. 4 ). It has been studied by Stepnik et al. (2003) and more recently by Ysard et al. (2013) using Herschel data. This filament has been a laboratory for studying the evolution of dust grain properties as a function of density in the centre of a filament. It has mean column densities comparable to that of the Musca filament. Star formation at both ends of the filament has been observed with the detection of a few candidate prestellar cores (Stepnik et al. 2003; Pagani et al. 2010) . Figure 6 shows the radial profiles perpendicular to the main axis of this filament. The colour profiles numbered from 1 to 5 (and derived as explained in Sect. 3.2), correspond to individual profiles at different positions along the filament's crest. Profiles 1, 5, and 6 trace the emission corresponding to the star forming cores at the two ends of the filament. The other profiles (2 to 4) trace the emission associated with the filament, not affected by emission of star-forming cores. The fluctuations seen on the Q and U profiles are of the same order as the fluctuations of the emission of the B211 filament located a few parsecs North-West of L1506, but the polarized emission associated with the filament is much smaller (the scale of the plots is not the same). The polarized intensity observed towards this filament is smaller than the emission associated with the Musca and B211 filaments, while the total intensity is of the same order of magnitude as that of the two other filaments. Figure 7 shows the I and Q radial profiles of the L1506 filament associated with the quiescent (non-starforming) part of the filament (positions 2, 3, and 4). The Q profiles, observed over a roughly 2 pc length of the filament, show an asymmetry, while the intensity profiles are symmetric about the filament's main axis. 
Background of the filaments
The emission observed in the surroundings of interstellar filaments largely comes from structures local to the filaments, although emission integrated along the LOS also contributes. The Taurus B211 and L1506 filaments and the lower column density gas surrounding them are detected at similar velocities in 13 CO and 12 CO (between 2 and 9 km s −1 , see Goldsmith et al. 2008) , suggesting that most of the emission observed in the vicinity of these filaments is associated with their local cloud. The dust emission observed around the Musca filament is seen in the map of the dark neutral medium, which traces the transition between the regions observed in emission in H I and CO, derived from γ ray emission measured by Fermi in the Chameleon region (cf. Planck Collaboration Int. XXVIII and Fermi Collaboration 2014) . This suggests that the dust emission surrounding the Musca filament is also mainly associated with the filament.
In the following we define as background the emission (mostly Galactic) that is observed in the vicinity of a filament, such that |r| ≥ R out , where r is the radial position relative to the filament's axis and R out is the outer radius of the filament. The outer radius is defined as the radial distance from the filament's main axis where the amplitude of the profile (prior to background subtraction), described here by a Gaussian profile (see Sect. 4.2) , is equal to the mean emission of the background. The outer radii of the Musca, B211, and L1506 filaments are 1, 0.5, and 0.6 pc, respectively.
We estimate the contribution of the background emission to the Q and U profiles observed towards the filament, by interpolating the observed emission for |r| ≥ R out at the position of the filament (|r| < R out ). The background fluctuations are averaged using a sliding window over eight to 10 pixels of the profile for |r| ≥ R out . The background values at |r| = R out are interpolated for |r| < R out . From these background Q and U profiles, we derive profiles of the angle χ, which describes the magnetic field orientation on the POS. Figure 8 shows the profiles of χ derived from the observed and the interpolated background profiles, for the cuts used to derive the mean profiles (see Sect. 3.5). Fig. 8 . Profiles of the χ angle derived from the observed Q and U profiles (filament + background, solid lines) and the interpolated background (dotted curves) of the three filaments. Each profile corresponds to a different position along the filaments' lengths (which are used to derive the averaged profiles described in Sect. 3.5). Note that the scales of the y-axes of the three plots are not the same. These profiles show that the background magnetic field of the Musca and L1506 filaments has a mean orientation that is different by approximately 10
• and 50
• from the field orientation observed towards each of the filaments, respectively (cf. dashed and solid curves at r = 0 on the panels of Fig. 8 ). On the other hand, the χ angle of the background of the B211 filament seems not to be affected by the presence of the filament, but varies by about 50
• from the northern to the southern side around the filament. The variations observed in the background of the Musca filament are around 10
• to 20
• , which are of the same order as the difference of the POS angle observed towards the filament and its background, and larger than smaller-scale fluctuations. This difference, even if small, is interesting, because it is observed along the entire 3 pc length of the filament.
Comparing the three filaments
We average the different profiles of the filaments (see Figs. 2 , 5, and 6), to derive mean I, Q, and U profiles. The mean profile of the Musca filament is derived by averaging the profiles of all the pixels along the crest of the filament corresponding to positions 4 and 5. These profiles correspond to a section of the filament that has a constant orientation on the POS, i.e., the Q and U parameters trace the emission having the same rotation angle with respect to the GN and can be averaged (without introducing any artificial rotation of Q and U). Averaging the emission only along this 3 pc segment of the filament ensures that the different cuts do not overlap at r > R out like, e.g., the profiles 1, 2, and 3 (see Fig. 1 ). The mean profile of the Taurus B211 filament is derived by averaging all the cuts (positions 1 to 4) over a length of 3 pc. The mean profile of the L1506 filament is derived by averaging the profiles corresponding to all the pixels at positions 2, 3, and 4, tracing the emission over a 2 pc length and excluding the star-forming ends of the filament. Figure 9 shows the observed profiles (x obs ) averaged along the crest of each of the three filaments. The dispersion (σ x obs ) is the standard deviation of the individual profiles that have been averaged. It reflects the fluctuations of the emission towards the filaments and their background levels. This dispersion, which is larger than the statistical noise on the mean profile, is shown by the vertical bars on Fig. 9 . Table 2 summarizes the I, Q, and U emission observed towards the filaments and their background regions, derived from the averaged profiles.
In the analysis presented in this paper, we have selected three filaments that are located in nearby well-studied star-forming MCs. Planck observations of these three filaments show different polarization properties. The Musca filament shows up very clearly in the polarization maps and its background has uniform polarization properties, while the B211 filament is located in a region of the TMC that shows a total and polarized emission that is different on each side of the filament. Interestingly the filament sits in a region where the orientation of B POS varies rapidly. The L1506 filament shows low polarized intensity (compared to the other two filaments) and the polarized emission is asymmetric with respect to its main axis. Figure 10 shows the polarized intensity (P) maps of the two studied MCs, derived from the Q and U maps using Eq. (4) and debiased according to the method proposed by Plaszczynski et al. (2014) , as mentioned in Sect. 2. The χ angle of the magnetic field is overplotted on the maps; the size The polarized emission is debiased as explained in Sect. 2. The maps are at the resolution of 9. 6 for better visualization. The black segments show the χ angles, i.e., the polarization angles rotated by 90
• . The length of the pseudo-vectors is proportional to the polarization fraction. The blue contours show the total intensity at levels of 3 and 6 MJy sr −1 . The white boxes show the length of the filaments and their background, which is used in the modelling and shown in Fig. 9 .
of the pseudo-vectors is proportional to the observed (debiased) polarization fraction. We use P and p here only for visual inspection and no quantitative analyses are performed on these quantities. These maps show that the Musca and B211 filaments are detected in polarized emission, while the L1506 filament is not. The filaments are surrounded by an ordered magnetic field. The orientation of the magnetic field observed towards the Musca and B211 filaments is close to being orthogonal to the orientation of the filaments on the POS, while the field observed towards the L1506 filament is approximatly parallel to its main axis.
Modelling the observed polarization properties
Planck observations of the polarized dust emission give an estimate of the magnetic field orientation projected onto the 2D plane of the sky. In the following we model the 3D magnetic field structure of an interstellar filament from the observed polarized dust emission. A 3D magnetic field can be described with a pair of angles (χ, γ), where χ is the angle on the POS and γ is the 3D angle 4 , which gives the inclination of the magnetic field relative to the POS (Fig. 11) . The 3D angle influences the observed polarization fraction: maximal and no polarization for γ = 0
• and 90
• , respectively.
Assumptions of the model
As mentioned before, the observed polarized dust emission depends on the geometry of the magnetic field and on the efficiency of dust grains to emit polarized light. The modelling presented now focuses on studying how much the observed polarized light depends on the mean orientation of the magnetic field in the fil-ament and in the background. Hence we assume that p 0 is the same in the filament and in the background, ignoring any other mechanism, which could also affect the observations, such as different dust polarization properties and/or grain alignment in the filament and in the background. Our modelling of the mean orientation of the magnetic field assumes that the small-scale structure of the field averages out within the Planck beam.
The observed interstellar filament width of approximately 0.1 pc (e.g., Arzoumanian et al. 2011) is not resolved by the 353 GHz Planck observations. Nevertheless, with Planck data the outer radii of the filaments, 0.5 to 1 pc, are resolved and we can study the variation of the magnetic field in the filaments with respect to that of their background regions. However, in this analysis we assume that the field in the filament is uniform and we do not try to model any small-scale variations or tangling of the field lines. Modelling the observed intensity variations of the background, which in the case of the Musca filament corresponds to neighbouring structures/filaments, is also beyond the scope of this work.
A two-layer model
We describe the dust emission observed towards the filaments as a two-layer model. One layer corresponds to the filament, for |r| < R out , where r = 0 is the filament's main axis. The other layer represents the background, which corresponds to the emission observed around the filaments for |r| ≥ R out as detailed in Sect. 3.4. The model does not assume that the filaments lie on the POS, albeit the 3D orientation in the cloud of these parsec-long-filaments may probably be close to the POS. For |r| ≥ R out (see Sect. 3.4), the emission traces only the background, while for |r| < R out the observed emission is the sum of the emission of the filament (I fil ) and of the background , correspond to the mean dispersion of the emission along the portion of the filament's crest used to derive the profiles shown in Fig. 9 . Two different values of the Stokes U parameter are given for the B211 filament, labeled as (n) for the northern side and (s) for the southern side. Fig. 11 . Illustration of the pair of angles that describe the magnetic field structure. The red vector corresponds to the magnetic field direction. Here γ is the angle between the B-field and the POS, while χ is the angle on the POS, which gives the relative orientation between B POS and the GN.
(I bg ), i.e., I(|r| < R out ) = I fil + I bg .
The observed total intensity profile is fitted with a Gaussian function with a linear background level, where
The filament's intensity profile is derived by subtracting the linear background, such that for |r| < R out , I fil = I − I bg . Figure 12 illustrates the observed intensity profile of the Musca filament, the Gaussian fit to the entire profile, the model background, and The Stokes parameters of the filament may be expressed, for r ≤ R out , as
where ψ fil and γ fil are constants.
The Stokes parameters of the background are defined as
U bg = I bg p 0 sin(2ψ bg ) cos 2 (γ bg ),
where ψ bg (r) = α 0 + α 1 r and γ bg (r) = β 0 + β 1 r.
The total model is the combination of the emission of the filament and the background: I mod = I bg + I fil ; U mod = U bg + U fil ; and Q mod = Q bg + Q fil .
Fitting the observations
The model is found by χ 2 minimization. The reduced χ 2 is defined as
with N − n degrees of freedom, where N is the number of fitted points (number of pixels describing the radial profiles, between 60 and 100 pixels) and n is the number of free parameters of the model, corresponding to the two pairs of angles (or the coefficients of the linear functions) that describe the B-field of the background (γ bg , ψ bg ) and of the filament (γ fil , ψ fil ). The resolution of the model grid is 5
• . In Eq. (13), x mod and x obs are the modelled and observed profiles, respectively, and σ x obs corresponds to the dispersion of the individual profiles used to derive the average profile, as detailed in Sect. 3.5. In Eq. 13, we consider that the data points are independent, while the signal and the data noise in neighboring pixels are correlated. The maps that are used to derive the profiles are fully-sampled, thus the data noise is correlated by the beam. Further, much of the dispersion of the data points comes from sky emission that is spatially correlated. There is no simple means to quantify this correlation. Thus, we have not taken it into account when estimating the dispersion from the averaging (σ x obs ), nor the number of degrees of freedom N − n in Eq. 13. If we had taken the correlation between pixels into account the χ 2 values will be roughly unchanged because the correction on the σ x obs will cancel that in N − n. This follows from the fact that the number of pixels averaged along the filaments is about the same as the number of pixels along the perpendicular cut to the filaments main axis (see Fig. 10 ). Since the number of degrees of freedom of our fit is ill, the reduced χ 2 cannot be translated statistically in a goodness of fit. In the paper, only the variations of χ 2 are important and not the absolute values. In the estimation of the reduced χ 2 , we do not include the uncertainties of the model intensity profiles (I bg and I fil , derived as mentioned in Sect. 4.2), since we aim to model the Stokes Q and U parameters. The outer radii of the filaments are also considered as fixed parameters here. In Eqs. (7) and (12), b 1 , α 1 , and β 1 are set to zero, for the Musca and L1506 filaments. We describe here the background of these two filaments with uniform total intensities and magnetic field geometries.
As mentioned in Sect. 4.1, in the modelling presented in the following section, we assume the same p 0 in the filament and in the background. However, we fit the observations for various values of p 0 (between 0.03 and 0.19, with a step of 0.02) always being the same in the filament and in the background, to account for the depolarization due to variations of the B-field along the LOS and variations of the grain alignment efficiency.
From the model profiles, polarized intensity, polarization degree, and polarization angle are derived using Eqs. (4), (5), and (6), respectively, for the total profile, the background, and the filament.
Results of the modelling
In this section, we present the best-fit 3D magnetic field model for the selected filaments. We first present the best-fit pairs of angles for the filament and the background, for the various p 0 values. We then show the best-fit Stokes parameter profiles for each filament and comment on the results.
Best-fit magnetic field angles
In order to assess the quality of the fit, we estimate reduced χ For p 0 equal to and larger than 0.13 and 0.07, for Musca and B211, respectively, there is a combination of the angles (ψ and γ) for each filament, describing a uniform magnetic field that reproduces well the observations and provides the same χ 2 min . For all p 0 smaller than these values, there are no pairs of angles that fit the observations. In the following, we refer to the fits with p 0 equal to and larger than 0.13, and 0.07, for Musca and B211, respectively, as "good fits".
For the good fits of Musca and B211, γ fil is always larger than γ bg . This means that the field in the filament is oriented closer to the LOS than the background field. The best-fit ψ angles are independent of p 0 and are the same for all the good fits. The γ angles are, however, degenerate with the value of p 0 . The modelled γ fil and γ bg angles are closer to 90
• (i.e., B is closer to the LOS) for increasing p 0 (cf. second row of Fig.13 ). As expected, ∆γ = |γ fil − γ bg | depends on the choice of p 0 . For all the good fits for these two filaments, the ratio cos 2 γ fil / cos 2 γ bg remains constant, while ∆γ decreases as a function of p 0 . This indicates that when the magnetic field is close to the LOS, small variations of γ can induce large variations in the observed polarization fraction.
The background of the B211 filament is well fitted with an orientation of the magnetic field that varies as a function of r, while the background of the Musca filament is described with a uniform field. The values of χ 2 bg for the background of Musca are larger than those of the filament, due to neighbouring filaments/structures, which are ignored in our simplified model. The intensity structure seen on the eastern side of the filament has its own B-field orientation, different than that of the filament and the surrounding mean background.
Unlike the other two filaments, the χ 2 fil values for the L1506 filament are large, meaning that a uniform field in the filament is too simple to describe the emission observed towards L1506. Indeed, as mentioned in Sect. 3.3, the observed Q profile shows an asymmetry about the main axis of the filament. For p 0 ≥ 0.05 the quality of the fit is constant with a χ 2 5 (cf. Fig. 13, top  right panel) . However, the model of a uniform field used here shows that the γ angles of the filament and of the background are the same, while ψ (or χ) varies in the filament with respect to that of its background (cf. Table 3 ). These are different results from those for the Musca and B211 filaments. 
Model polarization profiles
The model profiles of the Stokes parameters for the three filaments are shown in Fig. 15 . As mentioned in the previous section (Sect. 5.1), good fits are obtained for p 0 values larger than 0.13, 0.07, and 0.05 for Musca, B211, and L1506, respectively. This means that for all the "good fit" p 0 values, the model Q and U profiles, as well as the derived polarization parameter profiles, are the same for each of the filaments. This is due to the degeneracy between p 0 and γ. Figure 15 shows the best-fit I, Q, and U model profiles for p 0 = 0.15 for the three filaments. From these we derive profiles of the polarization parameters using Eqs. (4), (5), and (6). Figure 16 presents the observed and model P, p, and χ profiles. The debiased P and p quantities of these high S/N profiles are within 1 % of the observed values. The polar-Planck collaboration: Signature of the magnetic field geometry of interstellar filaments in dust polarization maps • , due to the γ and (180
ization parameters of the filaments and of their background level derived from the best-fit models are summarized in Table 3 . For the Musca and the B211 filaments, the total polarized intensity radial profiles show a peak at the position of the filament, while the profiles of polarization fraction show a drop at the same position. The polarized intensities in the centres of the filaments increase, but less rapidly than the total intensities.
The orientation of B POS (χ angle) in the Musca filament differs by 10
• from that of its background. The 10
• rotation between χ bg and χ fil is not very large, but it is meaningful, since it is observed over the entire 3 pc length of the filament (as mentioned in Sect. 3.4). For the B211 filament, χ bg varies by about 60
• from the northern to the southern sides of the filament's main axis at a radial position of ±2 pc. Good fits are obtained with a uniform magnetic field in the filament and with χ fil towards the filament almost orthogonal to the filament's main axis (χ − PA = 80
• , where PA = 90
• for the B211 filament). The model γ bg angle of the B211 background also varies by about 20
• from the northern to the southern sides of the filament. The field in the North of the filament is closer to the POS, while it becomes closer to the LOS in the southern side. The γ fil angle in the filament is closer, by 20
• , to the LOS than that of the background. This variation of the B-field with respect to the POS is translated into a variation of the polarization fraction surrounding the filament. The model (and observed) polarization fractions increase from the South to the North of the filament, which is compatible with the modelled variations of γ bg . The Taurus B211 filament is observed in a particular location of the molecular cloud, where the total and polarized emission vary on both sides of the filament's main axis.
The third studied filament, the L1506 filament, shows different polarization properties from those of the Musca and the B211 filaments. On the one hand, the polarized emission is weak compared to the other two filaments, while the total intensity is comparable to that of the Musca filament (cf. Table 2 ). On the other hand the observed polarized emission varies across the width of the filament, as described in Sect. 3.5. Hence, a simple model of a uniform field in the filament does not successfully reproduce the observed polarized emission. Nevertheless, such a model can be used to infer the polarization properties of the filament and its background. The model for the polarized emission of the filament (P fil ) is similar to that of the B211 filament and the polarization fraction of the filament derived from the model is equal to that of the background (p fil = p bg ), compatible with the result of the fit where γ bg = γ fil . Unlike the Musca and the B211 filaments, for which ∆χ = |χ fil − χ bg | is small and equal to 5
• and 10 • , respectively, the POS angle towards the L1506 filament, rotates by 65
• .
Summary and interpretation of the results derived from the modelling
Figures 17 and 18 present the observed and modelled maps of total intensity and polarization fraction, with pseudo-vectors showing the orientation of the magnetic field derived from the best-fit models for p 0 = 0.15. Our analysis shows that a simple model of the magnetic field reproduces the polarization properties observed towards two of the three filaments. At the resolution of Planck observations, the observed polarization properties of the filaments can be modelled well with a uniform magnetic field. However, our model cannot reproduce the asymmetry of the polarized emission with respect to the filament's axis observed towards L1506.
The results of the modelling indicate that for the three filaments studied here, the field in the filament is different from that of the background. This is summarized in Fig. 14, which shows the two angles describing the field in the filaments and in their backgrounds. The difference between the angles in the filament and in the background is different for each filament (see Table 3 ).
The modelling also shows that there is a minimum p 0 value, of 0.13 for Musca and 0.07 for the B211 filament, which reproduces the observations. These values correspond to the minimal dust polarization fractions that can account for the polarized emission observed by Planck towards the analysed filaments.
Our model shows that the drop in the polarization fraction observed towards the three filaments presented in our study could originate from the magnetic field structure (γ and/or χ), which is different in the filament and its background. In the case of the Musca and B211 filaments, the derived γ fil angles are larger than the γ bg angles, while χ fil and χ bg are very close for both filaments (cf . Table 3 ). Hence, in our model, the decrease of the polarization fraction observed towards these two filaments is due to the orientation of the field with respect to the LOS. The variation of the γ angles in the filament and in the background (∆γ) depends on the value of p 0 (see Table 3 ).
In the case of L1506, the polarization fraction towards the filament also shows a decrease. However, this polarization drop arises from a different reason than in the previous cases. The Fig. 16 . Observed and modelled profiles of the total polarized intensity, the χ angle (ψ+90
• ), and the polarization fraction, from top to bottom. The red profiles are derived from the best-fit Q and U profiles for p 0 = 0.15. The profiles in black are the observed profiles. The profiles in purple correspond to the intrinsic polarization parameters of the filament, derived from I fil , U fil , and Q fil , for p 0 = 0.15. The dotted purple curves are derived from I bg , U bg , and Q bg . Table 3 . Polarization properties derived from the modelled I, Q, and U profiles for the model, the background, and the filament, estimated at r = 0. The PA of the filaments are estimated over the length used in the modelling. In the column of ∆χ the first and second row for each filament correspond to |χ mod − χ bg | and |χ fil − χ bg |, respectively. The range of the good fit p 0 values and the corresponding best-fit γ angles are indicated in the sixth and seventh columns, respectively. The eighth column gives the range of ∆γ = |γ fil − γ bg |. The values of the polarized intensity and the polarization fraction are averaged over the best-fit profiles (see text for details). The uncertainties show the dispersion of the derived parameters for the good fit p 0 values. model B-field geometry for the L1506 filament shows that γ fil = γ bg (bottom right panel of Fig. 13 ), while χ changes by 65
• in the filament with respect to that of its background. The small polarized intensity observed towards this filament is due to the depolarization created by the variation of χ along the LOS. The fraction of depolarization is a function of the difference of the χ (or ψ) angles between the filament and its background (see details in Appendix B). In our model, all the depolarization observed towards the L1506 filament is accounted for by the rotation of the magnetic field on the POS (see Fig. B.2) . Table 4 gives the modelled values for the variations of the polarization fraction in the filaments and their background. The drop in p observed towards the Musca and B211 filaments could be attributed to variations of the γ angles between the filament and its background. The decrease of p observed towards the L1506 filament results from the variation of the χ angle in the filament with respect to that of the background. The L1506 filament has a total intensity (and column density) comparable to the other two filaments, suggesting that if variations of p 0 exist, they should affect the three filaments in a similar manner. If p 0 is smaller in the L1506 filament than in its background, modelling the observations taking into account the depolarization due to variations of χ (derived from the observed ψ and independent of p 0 ), implies a magnetic field orientation that is closer to the POS in the filament than in the background, i.e., γ fil < γ bg . This configuration would be different than in the case of the other two filaments where γ fil > γ bg .
Discussion

Magnetic field orientation and polarization observations
Some of the earlier studies explain the decrease of p with column density observed in MCs and dense cores 6 in terms of variations in the dust grain alignment efficiency (R in Eq. 1, e.g., Whittet et al. 2008) . Variation of the orientation of the magnetic field along the LOS (F in Eq. 1) has been used to explain the variation of the polarization fraction in numerical simulations (e.g., Falceta-Gonçalves et al. 2008 ) and more recently in Planck observations (Planck Collaboration Int. XX 2014) . Here, we model the observations as the superposition along the LOS of two different mean magnetic field configurations, one inside the filament and another one outside. Furthermore, we assume that the depolarization due to the variation of the field within the Planck beam (F) is the same in the filament and in the background, and that the alignment efficiency of dust grains (R) is the same in the two components (i.e., p 0 is constant).
The results of our modelling show that a mean B-field in the filaments that is different from that of their environment, reproduces the observed polarization properties at the resolution of the Planck maps. For the largest p 0 values, the model ∆γ is of the same order as that of ∆χ. For the lowest p 0 values the fitted ∆γ values are larger (cf. Table 3 and Fig. 13 ). This would suggest that large p 0 values may be more likely, or for small p 0 values, the variations of γ may not be the only solution. Variations of grain alignment efficiency between the filament and the background, and/or depolarization due to a turbulent field and/or small-scale structures in the filament could also contribute to the observed polarization drop. However, our modelling sets lower limits on the polarization of the bulk of the dust traced by Planck within the filaments, suggesting that the variable component of the field cannot be much larger than the mean field. These lower limits on p 0 also constrain the potential loss of grain alignment in filaments. These two statements may nevertheless not apply within the central (densest) parts of the filaments, which do not contribute much to the emission measured by Planck.
If the orientation of the mean field with respect to the LOS is one of the causes of the observed polarization drop in the filaments (a result found in two of the three modelled filaments), further analyses are needed to investigate this effect on a large sample of interstellar filaments. Higher angular resolution observations are also needed to resolve the central part of the filaments, to quantify the depolarization within the Planck beam, and to test one of the hypotheses of our model, namely the assumption that the depolarization is the same in the filament and in the background (constant F). Such observations will also allow us to address the following questions. Does the B-field orientation change as a function of the filament intensity profile? What is the field structure at small scales inside the filament? Can the main filament be broken up into substructures with different field orientations? Fig. 18 . Same as Fig. 17 for the Taurus B211 and L1506 filaments, on the left and right hand sides, respectively.
Filaments in the molecular clouds
Characterizing the B-field geometry in the filaments is important for understanding the role that the magnetic field plays in their formation and evolution. The picture of a uniform orientation of the magnetic field from large to small scales in MCs (see e.g., Li et al. 2014) may not describe the relationship between the field and the interstellar structures. The analysis presented in this paper, which separates the contribution to the total emission from the filament and from the background, shows that the mean B-field at the position where a filament is detected in total intensity is different from that of its background. In this discussion, we assume that the background emission is dominated by that of the filament's MC (see Sect. 3.4).
The analysis presented in this paper shows that the geometry of the magnetic field in the background of the filaments has an ordered component with a mean orientation that we can infer from Planck polarization data. Numerical MHD simulations of ISM structure formation have shown that a well-defined mean Bfield orientation is sustained in sub-Alfvénic turbulence and that the B-field is randomized if turbulence is only slightly superAlfvénic (e.g., Ostriker et al. 2001; Falceta-Gonçalves et al. 2008; Soler et al. 2013) . The observed organized magnetic field structure surrounding the filaments is compatible with the description of the clouds being in the sub-Alfvénic regime. Molecular line observations show velocity gradients on both sides of the filaments' main axes (Palmeirim et al. 2013; Lee et al. 2014) . These velocity gradients, parallel to the magnetic field lines, have been suggested to indicate mass accretion of surrounding material onto dense filaments, channeled by the magnetic field (see detailed explanations in Palmeirim et al. 2013 , for the B211 filament).
Accretion channeled by magnetic fields will concentrate matter into clouds and filaments perpendicular to the field lines. However, the results of our modelling show that the field in the filaments differ from that of their parent cloud. The variation of the orientation of the field could have several explanations. Firstly, when the flow is not aligned with the local magnetic field and the dynamical pressure is larger than the magnetic pressure, the B-field component perpendicular to the flow is enhanced and matter tends to align with the field. This scenario could describe the configuration of the field in L1506. However, in such a configuration, due to magnetic flux freezing into matter, magnetic pressure will increase, limiting the accumulation of material (Heitsch et al. 2009; Inoue & Inutsuka 2009) . Secondly, where the velocity of the filament and the surrounding gas differ, due to flux freezing, the relative motion will create a change in the field orientation. Such a bending of the field lines 7 could be associated with the magnetic field orientation derived from our modelling (cf. Fig.18 ), as well as the velocity gradients observed on both sides of the B211 filament (Palmeirim et al. 2013) . However, the distortion of the field lines will depend on the ratio between the mass in the filament and in the surrounding cloud, and on the boundary conditions describing the anchoring of the field lines (e.g., Kim et al. 2002 , for a description at the scale of a galaxy).
If dense molecular filaments only form by accumulation of matter along field lines, unlike the filaments observed in the diffuse ISM (cf. Planck Collaboration Int. XXXII 2014), they should always be perpendicular to the field lines. The fact that the fields in the filament and its background are not the same suggests that the field orientation changes as filamentary structures form and relative motions between the cloud and the filaments evolve.
Conclusions
We have presented and analysed the Planck dust polarization maps observed towards three nearby filaments and their surroundings: the Musca; B211; and L1506 filaments. We model the observations with a simple 3D magnetic field structure in the filament and in the background, with constant dust polarization (p 0 ) in both components. The polarization properties observed towards the filaments and their backgrounds are successfully modelled with mean orientations of the B-fields that are different inside and outside the filaments. Our analysis shows that the decrease of the polarization fraction observed towards the filaments may be accounted for solely by the 3D structure of the B-field, assuming uniform p 0 in the filaments and their background. Moreover, our modelling sets lower limits on the polarization fraction within filaments at the resolution of Planck. Our model gives an alternative to dust models that consider variations of the dust alignment efficiency alone to explain the decrease of p in dense structures/filaments. The variation of the observed polarization angle implies variation of the mean magnetic field orientation and significant dust grain alignment in filaments.
Further analyses of a larger sample of filaments observed by Planck, but also using higher resolution ground-based experiments, are nevertheless required to test our conclusions and to investigate the magnetic field structure at smaller scales. More extensive molecular line mapping of a larger sample of filaments is very desirable, in order to set stronger observational constraints on the dynamics of these structures, as well as to investigate the link between the velocity and the magnetic fields in MCs. Comparison with dedicated numerical simulations will also be valuable in our understanding and interpretation of the observational results. In the relations above f d is the intensity contrast between the two layers. If the two layers have the same intensities ( f d = 1) the observed polarization angle ψ is equal to the average value, as can be seen in Fig. A.1 . Thus the observed POS magnetic field angle traces the orientation of the mean field. This is also true for structures with higher contrast ( f d < 1), when the difference between the polarization angle in each layer is small. However, when the intensities of the layers are not the same and the difference in polarization angles is large, ψ does not trace ψ ave . It is thus important to separate the components along the LOS (e.g., filament and background) to access the polarization parameters and the underlying magnetic field orientation of each component.
Appendix B: Depolarization from plane of the sky rotation of the magnetic field
The observed polarized dust emission integrated along the LOS is a function of the total intensity, the efficiency of dust grains to emit polarized light, and the geometry of the magnetic field (see Sect. 1.1). Here, we estimate the lowering of the polarized emission with respect to the total emission when two layers of Fig. B. 1. Depolarization factor due to the rotation of the field on the POS for two layers with the same intensity (squares) and with an intensity contrast of two (triangles).
gas and dust with different field orientation overlap along the LOS.
For the simplified two-layer model, the depolarization factor, F (introduced in Sect. 1.1), can be expressed as
where P is the observed polarized emission summed over the two layers, while P 1 and P 2 are the polarized emission intrinsic to each layer, where the subscripts 1 and 2 correspond to the two layers. Eq. (B.1) is equivalent to
where P 2 = U 2 + Q 2 with U = U 1 + U 2 and Q = Q 1 + Q 2 . Here Q and U of the two layers are given by Eqs. (2) and (3) with the corresponding subscripts 1 and 2. Thus where ∆ψ = |ψ 1 − ψ 2 |, with ψ 1 and ψ 2 being the polarization angles of layers 1 and 2, respectively. These relations lead to F 2 = 1 − 2P 1 P 2 (1 − cos 2∆ψ) P which is equivalent to F 2 = 1 − 2 1 − cos 2∆ψ (1 + β) 2 β , (B.5) for β = P 2 /P 1 . The maximal depolarization, i.e., the smallest F (with F ≤ 1), is obtained for P 2 = P 1 and F = | cos ∆ψ|. The observed total polarized emission of two layers, due to the combination of the Stokes Q and U parameters along the LOS, results in depolarization if the POS magnetic field rotates in one layer with respect to the other layer. P can be zero if ∆ψ = 90
• and the two layers have the same polarized emission (P 1 = P 2 , see Fig. B.1) . Figure B .2 shows the depolarization factor, F, for the L1506 filament derived from the model profiles of the total, the filament, and the background polarized emission. Profile of the depolarization factor, F, for the L1506 filament (|r| ≤ R out ) derived from the model profiles of the total, filament, and background polarized emission, F = P/(P fil + P bg ), for the simplified two-layer model presented here. For the Musca and B211 filament, F 1 since the POS angle in the filament is close to that of the background (cf. Table 3 ).
